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1

LAMINATED SUBSTRATE FOR
SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a laminated substrate
for semiconductor device and its manufacturing
‘method, and more particularly to a composite substrate
for a semiconductor device in which a power device
and a control circuit for the power device are inte-
grated, and its manufacturing method.

2. Description of the Prior Art _

A composite dielectrically isolated substrate for
monolithically integrates a power device having a cur-
rent path from the front surface of a substrate to the rear
surface and a device, for control circuit for the power
device, having current path only on the front surface of
the substrate, and its manufacturing method, are dis-
closed in Japanese Patent Laid Open No. H3-142952.
The method for manufacturing a substrate disclosed in
the above mentioned patent specification is described
below by reference to FIGS. 1a a to 1e.

First, as shown in FIG. 14, a single crystal silicon

substrate 10 is processed to have a thick portion 20 for

forming a power device, a thin portion 21 for forming a
control circuit device and an isolating groove being
provided between them. Next, as shown in FIG. 15, a
stlicon dioxide film 11 is formed on the entire surface of
the rugged surface side of the substrate including the
1solating groove. Then, as shown in FIG. 1c¢, a polycrys-
talline silicon layer 12 is deposited on the silicon dioxide
film 11. In the next step, as shown in FIG. 1d, the sub-
strate is polished until the single crystal portion 20 of
the substrate 10, for forming a power device, is exposed,
and mirror surface 22 is formed. Then, as shown in FIG.
1e, the mirror surface 22 of the substrate 10 and a mirror
surface 25 of a single crystal silicon support substrate 13
are brought into contact with and bonded by heat treat-
ment, and the silicon substrate 10 is polished from the
side 23 until the silicon dioxide film 11 is exposed. Thus,
a composite dielectrically isolated substrate having a
device formation surface 24 is obtained. It is possible to
form a power device having a current path from an
electrode formed on the surface 24 of the portion 20 to
a rear surface electrode formed on rear surface 26 of the
support substrate 13, and it is possible to isolate by the
siiicon dioxide film 11 the power device from the con-
trol circuit device formed on the surface 24 of the por-
tion 21.

In this conventional technology for composite dielec-
trically isolated substrate, it is necessary to polish three
phases (single crystal silicon, silicon dioxide and poly-
crystalline silicon) into mirror surfaces on the same
plane in order to obtain a bonding surface, but silicon
dioxide has a higher hardness compared with single
crystal silicon and polycrystalline silicon and it is diffi-
cult to uniformly polish them.

Moreover, the polishing process and the bonding
process are carried out in a condition in which the sili-
con dioxide film and the poly crystalline silicon film are
embedded in the single crystal silicon substrate. There-
fore, a warp of the substrate becomes large in the polish-
Ing process and the bonding process which led to the
generation of such problems as distortion and disloca-
tion of single crystal of the element region.
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BRIEF SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
laminated substrate which resolves the above men-
tioned problems. |

The laminated substrate of the present invention com-
prises a first semiconductor substrate of first conductiv-
ity type having a first and a second main surfaces and a
second semiconductor substrate having a third and a
fourth main surfaces. The first main surface of the first
semiconductor substrate is bonded to the third main
surface of the second semiconductor substrate. A buried
layer of second conductivity type is formed selectively
in the first semiconductor substrate. An 1solating region
of the second conductivity type is formed to reach the
buried layer from the second main surface of the first
semiconductor substrate to form a region of the first

conductivity type on the first region surrounded by the
isolating region.

It 1s another object of the present invention to pro-
vide a method for manufacturing the laminated sub-
strate.

The method comprises the steps of preparing a first
semiconductor substrate of a first conductivity type and
a second semiconductor substrate of the first conductiv-
ity type, forming a first region of a second conductivity
type by selectively introducing impurities into one sur-
face of the first semiconductor substrate, forming an
epitaxial layer of the first conductivity type on one
surface of the second semiconductor substrate, placing
said one surface of the first semiconductor substrate and
the face of the epitaxial layer in contact with each other
and then heating the semiconductor substrates to bond
each other, polishing the other surface of the first semi-
conductor substrate until a predetermined thickness
thereof remains, and forming an isolating region of the
second conductivity type reaching the buried layer
from the polished surface of the first semiconductor
substrate polished in the polishing step to form a region
of the first conductivity type on the buried layer sur-
rounded by the isolating region.

BRIEF DESCRIPTION OF THE DRAWINGS

‘The above and further objects, features and advan-
tages of the present invention will become more appar-
ent from the following detailed description of the em-
bodiments taken in conjunction with the accompanying |
drawings, wherein:

FIGS. 1a to le are sectional views illustrating in
sequence the method for manufacturing a laminated
substrate in the prior art;

FIGS. 2a to 2d are sectional views illustrating in
sequence a method for fabricating a substrate of the
present invention;

FIGS. 3a to 3b are sectional views illustrating addi-
tional steps to FIG. 24 of the present invention;

FIG. 41s a sectional view illustrating another embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to the drawings, the present invention will
be described in detail as follows.

FIGS. 22 to 2e are sectional views illustrating in
sequence a method for fabricating a substrate of the
present invention.

First, as shown in FIG. 24, a first silicon substrate 30
and a second silicon substrate 40 are provided. The first
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silicon substrate is provided by selectively forming a
P+ type region 32 having a resistivity of about 0.001 to
0.020 Q.cm by introducing to high concentration a P
type impurity such as boron by means of 10n implanta-
tion or thermal diffusion from the surface 34 of an N—
type silicon substrate 31 having a resistivity of about 20
to 80 Q-cm. The second silicon substrate 40 is provided
by forming an N— type epitaxial layer 42 having a resis-
tivity of about 20 to 80 {2-cm and a thickness of about 20
to 50 um on the entire surface of an N+ type silicon
substrate 41 having a resistivity in the range of 0.001 to

0.020 Q-cm.
Next, as shown in FIG. 2b, the surface 43 of the epi-
taxial layer of the second silicon substrate 40 and one

mirror polished surface 34 of the first silicon substrate
30 with the P+ type region 32 formed therein are
brought into contact with each other. Then, heat treat-
ment for about two hours at about 1100° C. is carried
out to form a composite substrate of the first and second
substrates. This process step i1s well known as wafer
direct bonding technique.

Then, as shown in FIG. 2¢, surfaces of the composite
substrate are polished both from the exposed surface 44
side and the surface 33 side to predetermined thickness,
respectively, and mirror polished surfaces 45 and 35 are
formed.

Next, as shown in FIG. 24, a P+ type isolating region
36 having a resistivity in the range of 0.001 to 0.020
Q.cm reaching the P+ type region 32 is formed by
introducing a P type impurity such as boron to high
concentration by ion implantation or thermal diffusion
from the surface 35, thereby the N— type portion 37
surrounded by the isolating region 36 on the P+ type
region 32 and the remaining N— type portion 38 of
silicon substrate 31 are electrically isolated by P-N junc-
tion.

The N— type portion 38 becomes, together with the
N-— type epitaxial layer 42 and the N+ type portion 41
of the silicon substrate 40, a first element formation
region in which can be formed a high voltage power
element having a current path from an electrode on the
surface 35 to an electrode on the surface 45, while the
N-— type portion 37 surrounded by the P+ type isola-
tion region 36 and the P+ type buried layer 32 becomes
a second element formation region in which can be
formed a control circuit element having electrodes only
on the surface 33.

Referring to FIGS. 3z to 3b, an embodiment for man-
ufacturing an integrated circuit using the laminated
substrate for semiconductor device obtained in FIG. 24
will be described.

As shown in FIG. 3a, a V-shaped isolation groove 51
reaching the buried layer 32 is formed in the P+ type
isolation region 36 by anisotropic wet etching, a silicon
dioxide film 52 is formed on the surface of the groove,
and the groove is filled by depositing polycrystalline
silicon 53 on it. With such a structure, the isolation
action becomes more certain than in the case of the P+
type isolation region alone.

Next, as shown in FIG. 3b, a P type region 61 is
formed in ring form from the surface 35 of the portion
38 of the silicon substrate 31, a high concentration (low
resistivity) N+ type source region 62 is formed 1n ring
form in the region 61, a gate electrode 66,(G) 1s formed
on a gate insulating film 65 formed on the region 62 and
the portion 38 so as to make the ring like portion of the
P type region on the inside of the source region 62 a
channel region 64, a source electrode 63,(S) connected

10

15

20

235

30

35

45

50

33

65

4

to the source region 62 and the P type region 61 is
formed, and a drain electrode 67,(D) is formed on the
surface 45 of the first silicon substrate 41, thereby con-
stituting a power FET having a current path leading
from the source electrode 63 on the surface 35 to the
drain electrode 67 on the surface 45. On the other hand,
in the N— type portion 37 isolated by a P-N junction
there are formed, from the surface 35, high concentra-
tion P+ type source and drain region 71 and 72, a
source electrode 76,(S) and a drain electrode 77,(D)
connected to region 71 and 72, respectively, and a gate

electrode 75,(G) formed via a gate insulating film 74 on
the channel region 73, forming an FET as an element

constituting a part of a control circuit.
FIG. 4 1s a sectional view of a partial modification of
the embodiment in FIGS. 3a to 3b. In the P+ type

~1solation region 36, a groove having vertical sidewalls

81 that reach the P+ type region 32 is formed by aniso-
tropic dry etching, a silicon dioxide film 82 is formed on
the sidewalls, and the groove is filled up by depositing
polycrystalline silicon 83 on top of it. With such a struc-
ture, the isolating action is assured more than in the case
of having only the P+ type isolation region 36 as in
FIG. 3a.

In the above description of the embodiments, it has
been assumed that the first and the second silicon sub-
strates 41 and 31 and the epitaxial layer 42 are N (N+ or
N—) type, and the isolating region 36 and the buried
layer 32 are P (P+) type, but it is possible to interchange
the N type and the P type, and let the first and the
second silicon substrates and the epitaxial layer be P
(P+ or P—) type, and let the isolating region and the
buried layer be N (N+) type. In this case, the N type
and the P type for the source and drain region, the
channel regions, and the like are naturally to be inter-
changed.

As described in the above, single crystal silicon alone
needs to be mirror polished in this invention, and it
becomes possible to manufacture laminated substrates
for semiconductor devices with high productivity, suit-
able for mass production. In addition, since a silicon
dioxide film or a poly crystalline silicon film is not bur-
ied 1n the single crystal silicon substrate, there will not
be generated problems such as a large warping of the
substrate or a distortion of single crystal silicon in the
element region which may be lead to generation of
dislocations in the polishing process or heat treatment
process. More specifically, an observation by an optical
microscope of etch pit density in a lightly etched sur-
face of the substrate manufactured according to this
invention showed an improvement of 102 pits/cm? in
contrast to the pit density of about 104 pits/cm? for the
substrate manufactured according to the prior art tech-
nique. Moreover, it was confirmed that the warp of the
substrate manufactured according to this invention was
reduced to a value of Iess than 40 um in contrast to the
value of 50 to 100 pm for the substrate manufactured
according to the prior art technique.

The mvention has thus been shown and described
with reference to the specific embodiments. However,
it should be noted that the present invention is in no
way limited to the details of the embodiments but
changes and modification may be made within the
scope of the appended claims.

What is claimed is:

1. A method for manufacturing a laminated substrate
for a semiconductor device comprising the steps of:
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(a) preparing a first semiconductor substrate of a first
conductivity type and a second semiconductor
substrate of the first conductivity type, said first
semiconductor substrate having a first main surface
and a second main surface opposite to said first
main surface and said second semiconductor sub-
strate having a third main surface and a fourth main
surface opposite to said third main surface;

(b) forming a first region of a second conductivity
type by selectively introducing impurities into said
first main surface of said first semiconductor sub-
strate;

(c) forming an epitaxial layer of the first conductivity
type on said third main surface of said second semi-
conductor substrate;

(d) placing said first main surface of the first semicon-
ductor substrate and a surface of said epitaxial layer
In contact with each other and then heating said
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first and second semiconductor substrates to bond
each other; '

(e) polishing said second main surface of said first
semiconductor substrate to produce a polished
surface; and

(f) forming an isolating region of the second conduc-
tivity type reaching said first region by introducing
impurities into said first semiconductor substrate
from said polished surface.

2. The method of claim 1, further comprising the
steps of forming a groove reaching said buried layer in
said isolating region, forming an-insulating film on a
surface of said groove, and forming polycrystalline
silicon on a surface of said insulating film, said insulating

film and said polycrystalline silicon cooperating to each

other to fill said groove.
* * %X X %
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